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$E(k)\propto k^{-11/5})$ Bolgiano Obukhov 1959
Bolgiano-






$R(t)$ $\nabla T$ $R(t)= \int|\nabla T|^{2}dV$
-singurality-
singularity




















$\frac{\partial T}{\partial t}=-u\cdot\nabla T$ , (2a)
$\frac{\partial\omega}{\partial t}=-\frac{\partial T}{\partial x}-u\cdot\nabla\omega$ . (2b)
$T$ $u=(u, v)$ $\omega=\partial v/\partial x-\partial u/\partial y$
$S= \frac{1}{2}\int T^{2}dV$ $\iota$ $= \int(\frac{1}{2}|u|^{2}+yT)dV$




T( ) $=k^{4}e^{-k^{2}+i\theta_{r}}$ , (3a)
$\omega(k)=k^{4}e^{-k^{2}+i}$ (3b)
$\theta$ Run$2$ Run3
Runl 1000 Run2 2000 $\gamma\breve$’ Runl Run$2$










3.2 analyticity strip method
$‘$ analyticity strip method” sin-
gularity $[10]_{\circ}$ Brachet 3
singularity $[$8 $]$







1. (a) $t=0.5$ (b) $t=1.0$ (c) $t=1.25_{Y}$ (d) $t=1.5$
(e) $t=1.625$ (f) $t=1.75_{0}$
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(z) $=(z-z_{j})^{\rho} \sum_{p=0}^{\infty}a_{j_{2}p}(z-z_{j})^{p}$ . (4)
(
$\hat{f}($ $)= \int_{-\infty}^{\infty}e^{ikx}f(x)dx$ (5)
$arrow$ $\infty$
$\hat{f}($ $) \simeq\frac{-2\sin\pi\rho}{k^{\rho+1}}\sum_{j}\epsilon_{j}e^{ikz}j\sum_{p=0}^{\infty}a_{j_{2}p}i^{p}\frac{\Gamma(\rho+p+1)}{k^{p}}$ . (6)



















$(2a)$ $(2b)$ $\frac{D}{Dt}\equiv\frac{\partial}{\partial t}+u\cdot\nabla$ o
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$\backslash \backslash 2$ . $t=0.25$ $3$ .
$t=0.5$ $t=0.75$ $t=1.0$ $t=1.25$ $t=1.5$
$=$ $175$
$\frac{D\chi}{Dt}=-\chi,$ $\cdot\nabla u$
$\frac{D\omega}{Dt}=-\frac{\partial T}{\partial x}$ .
$\delta$ (t) $\circ$ o:Runl $(5 \leq k\leq 100)$ $\square$ :
Run$2(15\leq k\leq 200)$ $\triangle$ : $Run3(20\leq k\leq 400)$ $+$
: $Run3(20\leq k\leq 350)$ $\cross:Run3(20\leq k\leq 450)$
(9a)
(9b)
$\chi\equiv(\partial T/\partial y,$ - $\partial$T/$\partial$ $|\chi|=|$ $|\nabla T|$
$-$ bd $\chi$
(9a) $|\chi|\propto(t^{*}-t)^{-2}$ $|\chi\cdot(\chi\cdot\nabla u)|\propto(t^{*}-t)^{-s\text{ }}|\chi|\propto e^{t}$
$|\chi\cdot(\chi\cdot\nabla u)|\propto e^{t}$ (9b) $|\partial T/\partial x|\propto(t^{*}-t)^{-2}$
$|\omega|\propto(t^{*}-t)^{-1}$ $|\partial T/\partial x|\propto e^{t}$ $|\omega|\propto e^{t}$
(9a) $\chi$ strain strain
$\chi$
4 $|\chi|$ $|\chi\cdot(\chi\cdot\nabla u)|$ $|\partial T/\partial x|$ $|\omega|$
4(a) 4(b) $|\chi|_{\max^{\text{ }}}^{-1/2}|\chi\cdot(\chi\cdot\nabla u)|_{\max^{\text{ }}}^{-1/5}$







5. “bubble cap” “shock” $\triangle$
$\frac{\partial^{2}\psi}{\partial x^{2}}+\frac{\partial^{2}\psi}{\partial y^{2}}=\omega$ . (llc)
$\frac{\partial(\psi,)}{\partial(x,y)}=$
$\Omega(x/a, y/c, \tau)=\Omega(X, Y, \tau)=\omega(x, y,t)/b$ , (12a)
$\Psi(x/a, y/c, \tau)=\Psi(X,Y, \tau)=\psi(x, y,t)/d$, (12b)
$\Theta(x/a, y/c, \tau)=\Theta(X,Y, \tau)=T(x, y,t)$ . (12c)
$a$ $c$ $x$ $y$
$b$ $d$
$\tau$ $t$
$a$ $b$ $c$ $d$ $t$ (lla)
$\sim$ (llc)
$\frac{ac}{d}\frac{\partial\tau}{\partial t}(\frac{\partial O-}{\partial\tau}+\alpha X\frac{\partial\ominus}{\partial X}+\beta Y\frac{\partial\ominus}{\partial Y})+\frac{\partial(\Psi,\ominus)}{\partial(X,Y)}=0$ , (13a)
$\frac{ac}{d}\frac{\partial\tau}{\partial t}(\frac{\partial\Omega}{\partial\tau}+(yX\frac{\partial\Omega}{\partial X}+\beta Y\frac{\partial\Omega}{\partial Y})+\frac{\partial(\Psi,\Omega)}{\partial(X,Y)}=-\frac{c}{bd}\frac{\partial\ominus}{\partial X},$ (13b)
$\frac{d}{a^{2}b}\frac{\partial^{2}\Psi}{\partial X^{2}}+\frac{d}{c^{2}b}\frac{\partial^{2}\Psi}{\partial Y^{2}}=\Omega$ . (13c)
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5 “bubble caP” shock”$\cdot$




5(a) $\log\triangle$ 5(b) $\triangle$ 1/2
$|x|$ $9$ $|\partial T/\partial x|_{\max}^{-1/2}$
$x$
4. $|\chi|$ $|\chi\cdot(\chi\cdot\nabla u)|$ .l $\partial$T/ $\partial$x.l (a) (b) $|\chi|$ 9 $|\chi\cdot(\chi\cdot \nabla u)$ lm-la




$\frac{\partial T}{\partial t}+\frac{\partial(\psi,T)}{\partial(x,y)}=0$ (lla)
$\frac{\partial\omega}{\partial t}+\frac{\partial(\psi,\omega)}{\partial(x,y)}=-\frac{\partial T}{\partial x}$ (llb)
202
$(y \equiv-\frac{\partial}{\partial\tau}\log a$ , (14a)
$\beta\equiv-\frac{\partial}{\partial\tau}\log c$ . (14b)
2 $a$ $c$ $b$ $d$
$a=c$ $(13a)\sim(13c)$
$0$
$\partial t/\partial\tau=\frac{ac}{d},$ $\frac{c}{bd}=1,$ $\frac{d}{a^{2}b}=\frac{d}{c^{2}b}=1$ . (15)
$=a^{-1/2},$ $d=a^{3/2}$ , / $\partial\tau$ $=a^{1/2}$ (16)
$\alpha\equiv-\frac{\partial}{\partial\tau}\ln a$
$\lim_{\tauarrow 0}\int_{0}^{\tau}\alpha(\tau)d\tau=\overline{\alpha}>0$ (17)
$a \sim\frac{\overline{\alpha}^{2}}{4}(t^{*}-t)^{2}$ , $\sim\frac{\overline{\alpha}}{2}(t^{*}-t)^{-1}$ (18)
$| \frac{\partial T}{\partial x}|\sim\frac{4}{\overline{\alpha}^{2}(t^{*}-t)^{2}}|\frac{\partial\ominus}{\partial X}|$ (19)







$a=c$ $aarrow 0$ $arrow\infty$






$c$ $a/Carrow\infty$ $a/carrow 0$ 2
$a/carrow\infty$ $=c=d=1$ $aarrow 0$
(23) $a/Carrow\infty$ $a/carrow 0$ $c=1$ $a=$
$aarrow 0$ $c=1$ 5






$a=c$ $\alpha$ $=- \frac{\partial}{\partial\tau}\ln a$
$a\sim a_{0}\exp(-\overline{\alpha}t),$ $b\sim b_{0}\exp(\overline{\alpha}t)$ (25)
$a_{0}$ 0 $=$ 1
$| \frac{\partial T}{\partial x}|\sim\frac{1}{a_{0}}\exp(\overline{\alpha}t)|\frac{\partial\ominus}{\partial X}|$ , (26)





















$\iota\backslash 7$ . $2^{-m}$
$S^{m}(t)$ (a) 2
$(dt=2.5\cross 10^{-4})$ $\gamma n=0,1,$ $-,$ $7$ $S^{m}(t)$
$m$ 3
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